Results: Fifty-six studies met inclusion criteria for summary analysis. The most studied interventions were acupuncture (10 studies) and physical therapy (six studies). The type of pain most studied was musculoskeletal pain (34 studies). Most (42 studies) reported at least one improved outcome after intervention. Of these, 23 studies reported significantly reduced pain compared to control, 24 studies showed no difference, and nine studies had no control group. Meta-analysis included 22 qualifying randomized controlled trials and had a global standardized mean difference of -0.46 (95% confidence interval = -0.66 to -0.27) in favor of nonpharmacologic interventions for reducing pain.
Conclusion:
Nonpharmacologic interventions are often effective in reducing pain in the ED. However, most existing studies are small, warranting further investigation into their use for optimizing ED pain management. P ain is a common symptom of patients in the emergency department (ED) and presents challenges for effective and efficient management. [1] [2] [3] In clinical practice, pain is most commonly subjectively quantified by the patient, thus making it difficult to create evidencebased and standardized treatment guidelines. Therefore, oligoanalgesia or the inadequate treatment of pain has been shown to be a major problem in the ED in multiple observational studies. [4] [5] [6] Inadequate treatment of acute pain may increase the risk of patients developing chronic pain, further perpetuating the current pain epidemic in the United States. [7] [8] [9] Currently, treatment of pain in the ED and upon discharge consists mainly of pharmacologic interventions such as nonsteroidal anti-inflammatory drugs (NSAIDs), acetaminophen, and opioids. 2 While pharmacologic treatments have been shown to be effective in reducing pain, each carries a risk of potentially serious side effects, including renal, cardiac, and gastrointestinal toxicity in the case of NSAIDs; liver toxicity with acetaminophen; and respiratory depression and the risk for abuse disorders and overdose with opioids. From 2001 to 2010, opioid prescription rates in the ED substantially increased with a concomitant rise in opioid use disorders and overdose related deaths. 2, [10] [11] [12] For this reason, recent guidelines published by the Centers for Disease Control and Prevention regarding the treatment of chronic pain recommend the use of nonopioid therapy unless benefits regarding pain and function with opioid therapy outweigh risks of opioid use disorder and overdose. 13 However, these guidelines do not address acute pain, and they recommend in-depth patient discussions regarding goal setting and risk management perhaps not feasible in the ED setting.
Therefore, the decision to prescribe opioids for pain management upon discharge from the ED is challenging and imprecise as clinicians must weigh the consequences of oligoanalgesia with the risks of overdose and use disorders based on limited, subjective patient data. 1, 9 To reduce this burden and improve pain relief, the incorporation of effective adjunctive methods for managing pain in the ED is key. The wealth of literature on chronic pain has established a biopsychosocial model for understanding mechanisms of chronic pain and highlights the need for comprehensive treatment incorporating multiple therapeutic modalities for effective pain management. 7, [14] [15] [16] [17] According to the biopsychosocial model, pain is an experience that stems from the complex and dynamic interplay between an individual's physiological, psychological, and social factors. 7, 15 Based on this model, numerous studies have demonstrated that the most effective treatments in chronic pain consist of combining nonpharmacologic interventions, such as physical therapy, acupuncture, and cognitive behavioral therapy, with pharmacologic treatments. 7, 14, 16 Increasing evidence suggests that a similar biopsychosocial interplay determines the patient experience of acute pain. 18 Recent recommendations developed by the American College of Emergency Physicians and the American Academy of Emergency Medicine suggest the importance of improving pain management and reducing opioid use by incorporating nonpharmacologic interventions, but the strength of this recommendation has been dampened by a lack of supporting systematic evidence. 1, 3 Hence, a critical need exists for identifying effective nonpharmacologic interventions and integrating these into acute pain management strategies.
While numerous reviews exist discussing nonpharmacologic management for pain in the outpatient chronic pain, postsurgical, and pediatric settings, 16, [19] [20] [21] there are currently no published reviews investigating nonpharmacologic pain management initiated in the ED. Therefore, this review aims to identify all studies that examine the use of nonpharmacologic interventions for pain management among adults presenting to the ED, to assess what strategies have been attempted and/or implemented, and to assess the efficacy on pain reduction of nonpharmacologic interventions initiated in the ED. We hypothesize that nonpharmacologic interventions will demonstrate an overall effective pain reduction in adult patients presenting to the ED.
METHODS

Protocol and Registration
This systematic review is reported in accordance with the Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) Statement 22 and is registered in the PROSPERO database (http://www.crd. york.ac.uk/PROSPERO/) under the number CRD42015029671.
Eligibility Criteria
Articles mentioning any one of several different nonpharmacologic interventions targeted at reducing pain in adults (≥18 years old) initiated in the ED were considered. Pain of any type or duration presenting to the ED was included. Studies focusing solely on children were excluded. Nonpharmacologic interventions were defined as any therapy that targets reduction of pain without the use of pharmaceutical drugs (e.g., opioids, acetaminophen, NSAIDs, ketamine). Studies comparing pharmacologic to a nonpharmacologic intervention were included, but studies focusing solely on pharmacologic interventions were excluded. Broad categories of nonpharmacologic interventions included complementary/alternative therapy, physical therapy, education, and psychosocial interventions. Subtypes of each of these categories are listed below and were also included in the search strategy (Data Supplement S1, available as supporting information in the online version of this paper, which is available at http://online library.wiley.com/doi/10.1111/acem.13411/full).
• Complementary/alternative therapy: acupuncture, holistic health, homeopathy, mind body therapies (e.g., biofeedback, hypnosis, breathing exercises, meditation, mindfulness, yoga, relaxation therapy), musculoskeletal manipulations (e.g., massage, osteopathic manipulation), naturopathy, sensory art therapy (e.g., music therapy, aromatherapy), spiritual therapy (e.g., faith healing, meditation, yoga).
• Physical interventions: exercise movement techniques (e.g., Taiji, yoga, dance therapy, breathing exercises), physical therapy, exercise therapy, musculoskeletal manipulations.
• Psychosocial interventions: social environment, social support, counseling, behavior therapy, psychotherapy, self-help groups.
Randomized controlled trials (RCTs), cohort studies, case-control studies, cross-sectional studies, time series, and systematic chart reviews published in full in peer-reviewed journals in any language were considered for this systematic review. Article types that are not primary research studies, such as literature and topic reviews, case reports, and meta-analyses, were excluded. Published protocols without outcomes data were also excluded.
Primary Outcome
The primary outcome for this study was pain score after the nonpharmacologic intervention compared to a control group.
Search Strategy
We searched the following electronic databases: Embase, Cochrane, PubMed/Medline, CINAHL, and PsychoInfo. We utilized a wide-ranging search strategy using broad search terms with the goal of including all types of nonpharmacologic therapies. The initial search comprised the MeSH terms "complementary therapies," "physical therapy modalities," "sociological factors," "psychology, applied," "psychotherapy," "selfhelp groups," "nutrition therapy," and their respective entry terms. The search was limited to pain management or analgesia for adult patients in the ED setting.
We did not use limits for date or language. The search strategy for each of the databases is shown in Data Supplement S1.
Study Selection
Titles and abstracts of the retrieved articles were independently evaluated by two reviewers (JTS, HBW). Studies clearly not meeting inclusion criteria were excluded based on title and abstract. The remaining studies were assessed based on full-text articles and selected if they fully met the inclusion and exclusion criteria. All screens were performed by two separate reviewers (JTS, HBW) with discrepancies settled by a third moderator (SAE). Search strategy is shown in Data Supplement S1. Following this initial search and screen, we manually searched the references and performed a citation analysis of the included studies to identify any additional articles that met inclusion criteria.
Data Extraction
Two reviewers (JTS, HBW) independently conducted the data extraction, and disagreements were resolved by a third reviewer (SAE). General characteristics of the studies were collected such as year of publication, location of study, study design, type of pain, intervention, sample size, pain scale used, and time to followup. For the primary outcome, preintervention and postintervention pain scores were collected for the intervention and control groups.
Qualitative Summary
Extracted data was analyzed in two steps: 1) qualitative summary and 2) meta-analysis. First, we qualitatively summarized the main results of each included paper and performed a thematic analysis of patient characteristics, type of intervention, and main results. Each article was placed into one of five categories based on type of intervention (Table 1) for subgroup analysis. These categories were developed a priori by the authors to reflect the mechanisms of the interventions. Treatment effect was reported based on the data and statistical analysis presented in each study. Additionally, assessment of methodologic quality of the studies and risk of bias using the ACROBAT-NRS/ROBINS-I 23 and NOS 24 was conducted for each included article. We assigned risk of bias (low or high risk) by study design as suggested by the Cochrane Handbook 25 and Cochrane Risk of Bias tools (methods.-cochrane.org): 1) high risk when more than one indicator of bias was present across all scales and 2) low risk when one or no indicator of bias was present. The risk of bias was classified by two independent reviewers, and differences were resolved by a third reviewer. Study power was assessed separately from the risk of bias. No studies were excluded based on degree of risk of bias; however, the studies' contributions to the review results were analyzed in the context of their risk of bias level.
Meta-analysis
Meta-analysis of the RCTs was used to quantify the effect of nonpharmacologic interventions on pain scores. To minimize bias, only RCTs reporting postintervention experimental and control group pain-only scores (e.g., numeric rating scale [NRS]) were included for meta-analysis (methods.cochrane.org). Scores combining pain and functionality measures (e.g., Neck Disability Index) were excluded. Subgroup analysis was performed by intervention category (Table 1) if it included at least three qualifying studies. 26 Attempts were made to contact study authors for study data if the numeric pain score values were not reported in the publication. Meta-analysis models were built to compare the postintervention pain score between experimental and control groups, 27 with p < 0.05 considered significant. Additional sensitivity analysis examined the change in pain score from pre-to postintervention. Because pain outcomes are inherently subjective and varied across studies, this heterogeneity presented a challenge in the quantitative data analysis. Furthermore, variability in the type of pain, specific nonpharmacologic intervention used, time from ED presentation in which the intervention was delivered, and additional treatments received made a random-effects model most appropriate. To account for this diversity, pain scores were normalized using standardized mean difference (SMD), and effect sizes were calculated from the means and standard deviations using a random-effects model. Time to follow-up pain assessment after intervention was likewise variable. For the overall analysis, we analyzed the first data collection time point obtained < 12 weeks posttreatment for each study. Subgroup analyses were performed for the direct, indirect, and physical groups of studies as described in Table 1 and categorized in  Table 2 . Additional analyses were then performed by time to follow-up after intervention, with time points categorized into immediate (any time prior to ED discharge for interventions performed in the ED), acute (1-7 days post-initial intervention), and subacute (>1 week to <12 weeks). A fourth time category, prolonged (12 weeks or greater), was also separately analyzed, but was not included in the overall analysis as it was not considered an acute response to the intervention.
Heterogeneity across studies was first examined using quantitative and qualitative criteria and clinical judgment. Qualitative factors included the type of intervention and time to follow-up, while quantitative indicators were Cochrane's Q-test and H and I 2 statistics. 28 Cochrane's Q-test is a variation of the McNemar test for related samples and tests the null hypothesis that all studies are evaluating the same effect, with a significant p-value < 0.05 indicating heterogeneity in the effect measured across studies. As this test is sensitive to the number of included studies, we also used the I 2 metric, which is a measure of the degree of inconsistency in the results across studies attributed to their heterogeneity and independent of study number. High I 2 values indicate high heterogeneity, with a proposed categorization of 25% (low), 45% (moderate), and 75% (high). 28 All analyses were performed using the R Language software and meta package (R-Project, version 3.4.0, 2013).
RESULTS
Study Characteristics
Our initial search generated 728 articles across all databases, which was narrowed after title and abstract review to 123 articles extracted for full-manuscript review. An additional 36 articles were included after citation review of the extracted articles, for a total of 159 articles. From these, 56 studies were retained (Table 2 ) based on the eligibility criteria for summary analysis. The study protocol flow chart is depicted in Figure 1 .
Fifty-six studies were reviewed (Table 3) , with broad international representation, and included a variety of intervention types (Table 2) : physical (n = 18), direct (n = 21), indirect (n = 7), educational (n = 5), and Table 2 Summary psychosocial (n = 5). The most common interventions were physical therapy/therapeutic exercises or active mobilization (n = 12), acupuncture (n = 10), and music therapy (n = 5). Most interventions were performed in the ED (n = 41), and many of these continued the intervention in the first few weeks post-ED (Table 2) . Fifteen studies involved interventions performed post-ED only, with the majority of these initiated within the first week. The majority of indications were for musculoskeletal pain (n = 34). The next most common group of studies enrolled patients with any one of multiple types of pain or any type of severe pain (labeled "Any" in Table 2 ). Other indications included noncardiac chest pain, headache, renal colic, envenomation, and laceration pain. Most studies focused on acute pain, but definitions varied from 1-6 hours to <6 weeks; no definition of "acute" was specified in half of these studies. Ten studies did not specify the duration of pain, but none of the studies focused on chronic pain. Sample sizes ranged from 11 to 3,851 subjects, with the median number of patients per study being 100. Study designs included RCTs (n = 40), non-RCTs (n = 5), case series (n = 6), randomized parallel arm trials (n = 2), cohort studies (n = 3), and case series (n = 6). Most studies assessed pain relief immediately after the intervention prior to ED discharge (n = 25). Pain was most often measured by visual analog scale (n = 33) or numerical rating scale (n = 13).
Qualitative Summary of Results
The majority of studies (n = 42) reported at least one measure of pain improvement after intervention, with most of these studies reporting improvement in pain after intervention (n = 37). Among the studies that compared the intervention to an alternative treatment (n = 11), none were inferior and most reported greater efficacy than the control intervention (n = 8). Among studies that compared the intervention to sham or no intervention (n = 38), nearly half reported greater efficacy (n = 16) while the rest reported no benefit in terms of pain improvement; however, over half of the latter studies were underpowered to detect a difference. Most of the studies measuring patient satisfaction reported overall high satisfaction scores with interventions (Table 3) . In general, physical interventions such as osteopathic manipulation, physical therapy, and active mobilization produced early improvements in pain and disability immediately up to several weeks after intervention, without significant longer-term pain differences (Table 3 ). The direct and indirect interventions were more heterogeneous. Direct interventions such as acupuncture, sesame oil massage, transcutaneous electrical nerve stimulation, and heat more consistently demonstrated immediate benefits in pain level, while ultrasound and deep breathing showed no benefit (Table 3) . Indirect interventions such as aromatherapy and hypnosis seemed to improve pain, while music 
Direct (cont.)
ACADEMIC (Table 3) . Most of the educational interventions seemed to improve pain, with mixed results as to whether increased verbal and visual engagement through video or oral advice worked better than a simple pamphlet (Table 3) . Finally, the psychosocial intervention showing the most benefit was cognitive behavioral therapy, although the number and scope of these studies were limited (Table 3) .
Quantitative Summary of Results
For meta-analysis, the 22 included studies were divided into physical, direct, and indirect interventions ( Table 1 ). There were not enough qualifying studies to conduct meta-analyses for educational or psychosocial interventions. Meta-analysis of the reported first follow-up postintervention pain score for each included study showed a global SMD of -0.46 (95% confidence interval [CI] = -0.65 to -0.27) in favor of nonpharmacologic interventions for reducing pain ( Figure 2 ). Subgroup analysis by type of intervention showed that physical interventions had a SMD of -0.39 (95% CI = -0.64 to -0.13), direct interventions had a SMD of -0.40 (95% CI = -0.67 to -0.13), and indirect interventions had a SMD of -0.78 (95% CI = -1.46 to -0.11) in favor of the intervention for reducing pain ( Figure 2 ). As these models showed moderate to high heterogeneity (I 2 ranged from 56% to 74%, with Q-test p-values < 0.05), included studies were further stratified and analyzed by endpoint. Only studies reporting physical and direct interventions had enough point estimates to generate subgroup meta-analysis models. For both physical and direct interventions, studies including immediate, acute, and subacute timepoints had SMDs favoring the intervention (Figure 3 ). Prolonged time points were only measured after physical interventions, with an estimated SMD of -0.14 (95% CI = -0.31 to 0.04, I 2 = 0%, 
Study
Random effects model
Standardised Mean Difference
Favors intervention Favors control In terms of study quality, most studies were either underpowered or did not report a power analysis (Table 3) . Most studies had high risk of bias (n = 35/56) most often due to lack of blinding of participants, practitioners, and/or outcomes assessors, as well as attrition bias and inadequate reporting of handling of missing data and losses to follow-up. The magnitude of potential publication bias was further analyzed using a funnel plot (Data Supplement S3, available as supporting information in the online version of this paper, which is available at http://onlinelibrary.wiley.com/doi/10. 1111/acem.13411/full), which depicts the distribution of study effect sizes relative to the pooled effect size. Most studies are located at the top of the funnel, indicating good precision, and the asymmetry about the mean was not significant (p = 0.97), suggesting low overall publication bias. While studies falling outside the CI (funnel lines) is a potential indicator of publication bias associated with high heterogeneity, these studies are equally distributed on both sides of the funnel, mitigating any effect on the overall result.
DISCUSSION
In this systematic review of the literature, we identified 56 studies that investigated the efficacy of various nonpharmacologic interventions for reducing pain in the ED setting. The most studied interventions in the ED were acupuncture, physical therapy, active mobilization, and music therapy, while the most studied types of pain were musculoskeletal and general pain. Our synthesis and meta-analysis of the data suggest that nonpharmacologic interventions are effective in reducing pain in the ED when compared to control groups. The subgroups of physical interventions (physical therapy, mobilization, osteopathic manipulation, chiropractic treatment), direct interventions (acupuncture, TENS, ultrasound), and indirect interventions (music therapy, aromatherapy, hypnosis, guided imagery) all significantly reduced pain compared to controls.
Current evidence and recommendations for pain management in the ED have typically focused on monotherapeutic pharmacologic interventions. 29 By contrast, in other clinical settings, such as the postoperative and primary care settings, pain management has evolved from monotherapeutic treatments to a multimodal approach using combinations of opioid and nonopioid medications, local anesthetics, and nonpharmacologic interventions. The literature for nonpharmacologic interventions for pain management in these settings shows strong evidence for the use of treatments such as cognitive behavioral therapy, physical therapies, acupuncture, music therapy, and others as part of standard therapy and are included in guidelines for outpatient pain management. [30] [31] [32] [33] While there is a paucity of research comparing multimodal analgesia to monotherapies, it is generally accepted that this approach is more effective, as it targets the complex biopsychosocial nature of pain, and safer, as it leads to reductions in the dose of each individual pharmacologic therapy, thereby decreasing side effects and risk of overdose. [34] [35] [36] While fewer clinical trials exist investigating nonpharmacologic interventions initiated from the ED, the studies are of comparable quality to those from the outpatient setting. 16, [19] [20] [21] Similarly, our data synthesis and meta-analysis illustrated an evidence-based foundation in support of nonpharmacologic interventions in the ED warranting further investigation and possible implementation. Key differences exist between the ED and other clinical settings, namely, time and resource constraints. A major challenge of implementing nonpharmacologic interventions is proving that the intervention is feasible in an ED setting in terms of resources and space required in the ED, patient length of stay in the ED, and overall cost/benefit balance. For example, in the study by Arnold et al., 37 which compared acupuncture to conventional therapy for treatment of acute musculoskeletal pain, the authors included a "time spent in the ED" analysis demonstrating that patients who underwent acupuncture did not have increased time spent in the ED compared to the conventional therapy group. However, the majority of studies in our review did not include this type of feasibility analysis.
Further, an important motivation for implementing nonpharmacologic interventions as part of a multimodal approach to pain management in the ED is reducing opioid usage in response to the current opioid epidemic. 13 The study by Grissa et al. 38 showed that acupuncture was faster and more efficacious in reducing acute pain than morphine, with fewer adverse reactions. However, none of the other studies in our review looked at opioid usage as an outcome.
To fully understand the impact nonpharmacologic interventions can have on improving pain management in the ED, it may be important to address opioid as well as other medication usage outcomes.
This systematic review also aimed to compare methodologies among the included studies with the goal of standardizing study design for future nonpharmacologic interventions in the ED. Several variations in study design were noted. First, the types of outcome measures, including the specific pain intensity rating scale, varied, although the most commonly used pain scales were the NRS or visual analog scale (VAS). Consensus recommendations by the Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials (IMMPACT) advocate for the use of the NRS as a validated tool for measuring pain, which has better patient understanding and follow-up compared to the VAS. 39 Second, studies varied greatly in their measurement of related symptoms such as nausea and anxiety, as well as related outcome measures, such as quality of life, functional status, work status, and patient satisfaction. More recently, recognition of the biopsychosocial nature of pain has lead to the ACTTION-APS-AAPM Pain Taxonomy (AAAPT) recommendation that a host of multidimensional clinical features, modulating factors, and functional outcomes be systematically measured to better characterize the trajectory of and effects of treatment on acute pain. 18 These additional unmeasured factors may explain the incongruity in several studies in this review between lack of benefit in terms of numeric pain reduction but high patient satisfaction (Table 3) .
Third, follow-up varied in these studies from immediate to 1 year postintervention. As shown in Figure 2 , short-term follow-up after interventions demonstrated a greater difference in pain reduction between experimental and control groups compared to long-term follow-up. While both short-term and longterm outcomes are important in measuring efficacy of ED pain management, short term follow-up (<12 weeks) is more likely to directly reflect the effect of ED-based interventions given the time-limited nature of the ED encounter. Moreover, ED patients likely care more about achieving short-term pain relief as the reason for their ED visit. 40 Long-term follow-up measures are influenced by numerous confounding factors including adherence to follow-up recommendations, additional interventions, and return to work. Ideally, future studies should report pain and functional measures prior to the intervention and at short-and long-term endpoints.
Finally, the types and designs of the control groups varied among the studies, as shown in Table 2 . Some studies were able to create a sham intervention to better blind patients and/or providers to the treatment arm. However, most studies used a control group of "standard treatment" and an experimental group of standard treatment plus the intervention. Furthermore, "standard treatment" differed for each study based on type of pain and study site institutional practice. A few acupuncture studies used a control group of standard pharmacologic treatment but an experimental group of acupuncture in lieu of other pharmacologic pain interventions. 37, 41, 42 These differences likely contributed to the heterogeneity in the meta-analysis and increased the risk of bias across all studies, as lack of a sham intervention precludes the ability to blind participants and frequently the providers to the intervention.
LIMITATIONS
An important limitation of our study was the heterogeneity of the studies included in the meta-analysis, as they encompassed different interventions, different endpoints, different controls, and populations with different pain etiologies. To address this variability, similar intervention types were grouped and compared in more focused subanalyses and found to show similar results as the overall analysis in favor of nonpharmacologic pain interventions. We computed Q-test and I 2 scores to measure this heterogeneity, and values were found to be acceptable for this type of meta-analysis (Figures 2 and 3) . A second limitation was that the studies included in the meta-analysis were predominantly comprised of small studies more susceptible to a variety of sources of bias. Furthermore, the generalizability of these results may be limited. For instance, many of the studies were performed in regions with specialist availability to perform interventions such as acupuncture or physical therapy within or adjacent to the ED. While these resources are not commonly available in many regions including most of the United States, referral for intervention within the first week post-ED visit is a viable alternative shown to be beneficial in many of these studies. In addition, patients willing to participate in alternative therapies such as acupuncture or music therapy may differ from the general ED population. It is also possible that different types or durations of pain respond better to different types of interventions; however, there were insufficient numbers of studies or descriptive detail within each study to enable this analysis. While most studies investigated acute pain, only half of them defined the duration of the painful episode. Studies that did not specify the duration of pain were likely a mixture of acute and acute on chronic based on indication (e.g., headache, chest pain). A final limitation is we were unable to quantify absolute reductions in pain compared to control given constraints of the meta-analysis combining different types of pain scales. While the IMMPACT guidelines suggest a 30% reduction or approximately 2-point reduction on the NRS as clinically significant, 39 other more recent work has called the universality of this cutoff into question. 43 It will be important in future studies to address the clinical significance of the reduction in pain score.
CONCLUSIONS
In conclusion, this systematic review summarizes the current state of knowledge on the efficacy of nonpharmacologic interventions for pain reduction in the ED. Important questions regarding feasibility of implementation, identifying specific patient factors that might predict the utility of specific types of interventions to streamline and tailor therapies, and efficacy in terms of multidimensional functional outcomes as well as opioid usage remain unanswered and should be explored in future studies. However, based on our meta-analysis, we feel that these interventions have the potential to improve acute pain management and patient satisfaction and improve patient outcomes and quality of life, while reducing overall ED utilization and length of stay.
